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(57) Abstract: A method is provided for treating a patient suffering from apoptosis of tissue comprising administenng to that subject 
a therapeutically effective amount of one or more ketogenic compounds such that a physiological ketosis is produced sufficient to 
arrest said apoptosis. Preferably the apoptosis is of cerebral tissue such as that associated with acute intractible seizures, particularly 
with status epilepticus. The method is also applicable to apoptosis associated with administration of topic stuimuli for treatment of 
cancer that produced by viral infections, autoimmune diseases or Aquired Immuno Deficiency Syndrome. The ketosis produced is 
a state in which levels of one or both of acetoacetate and (R)-3-hydroxybutyrate concentrations in the mood of the subject such that 
their total concentration in the blood is elevated above the normal fed levels to between 0.1 and 30mM. Also provided is the use of 
ketogeic material to in the manufacture of a medicament for the treatment of apoptosis and pharmaceutical compositions for such 
treatment. 
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TREATMENT OF APOPTOSIS 

The present invention relates to a method of treating patients with intractable epilepsy, 
a condition that is resistant to treatment with conventional anti-epileptic drugs, such that they 
do not suffer long term cerebral impairment. Further provided is the use of certain known 
compounds and compositions for the manufacture of medicaments for use in such method of 
treatment. 

The ketogenic diet is an established non-pharmacologic treatment for controlling, eg. 
reducing or eliminating, seizures in patients with pharmaco-resistant (or intractable) epilepsy 
(Vining EPG (1999)). The ketogenic diet is a high fat, low protein diet which is believed to 
alleviate seizures by forcing the body to use ketone bodies as the predominant fuel source. 
However, a major disadvantage of the diet is that seizure control is lost upon ingestion of 
carbohydrates, which can make compliance with the diet difficult, particularly for children. In 
addition, there are problems associated with a high calorific intake. Seizure control appears to 
correlate with blood levels of (R)-3-hydroxybutyrate (p-OHB or BHB herein) (Freeman et al 
(1998), Bough and Bough et al (1999)) suggesting a direct role for this ketone body in limiting 
seizure activity. 

It is known to use (R)-3-hydroxybutyrate, its salts and esters to reduce cerebral 
edema and reduce volume of cerebral infarct on challenge such as stroke or head trauma or 
metabolic poison or abnormality (see eg. Veech US 6316038 and Hiraide et al EP 01780123 B: 
such use may be acute in effect and the active agent may be adminsitered immediately after 
stroke or trauma. 

It is known that the ketone bodies, acetoacetate and D-p-hydroxybutyrate ((R)-3- 
hydroxybutyrate), can be used to treat seizures. Whereas early experiments show mat 
acetoacetate and its sodium salt reduced seizures induced with thujone, they could not 
replicate this with (R)-3-hydroxybutyrate (see H Keith et al Arch Neurol Psych 29. 148-154 
(1933) and H Keith et al J Pharm Exp Ther 44 449, (1931)). However, Veech (WO 98/41201) 
and Niesen (WO 00/28985) have since taught how (R)-3-hydroxybutyrate and its salts and 
esters can be used to treat chronic epilepsy. Niesen evidences antiepileptic properties of 3- 
hydroxybutyrate using pentylenetetrazol (PTZ) as convulsion inducing agent whereby tonic- 
clonic seizures were induced in rats and in treatment groups seizure duration and mortality rate 
were both reduced. These results were mirrored in rats put on a ketogenic diet. All treatments 
were initiated three weeks before seizures were induced. 
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Most patients with epilepsy achieve complete seizure control by therapeutic 
intervention with antiepileptic drugs. However, approx 25 - 30 % of epilepsy patients remain 
intractable to current anticonvulsant treatment. Intractable epilepsy is thought to develop 
following an initial seizure event early in life, such as a febrile seizure or status epilepticus 
(Sutula T et al (1989) and Babb TL et al (1991)). This seizure activity leads to neuronal cell 
death and subsequent epileptogenesis that eventually develops into pharmaco-resistant 
epilepsy. 

Status epilepticus is accompanied by abnormal electrical activity involving all areas of 
the cortex, sometimes simultaneously and sometimes spreading from a focal area of electrical 
abnormality. Traditionally, status epilepticus was defined as 30 minutes of continuous seizure 
activity or a series of seizures without return to full consciousness. Pathology suggest that a 
shorter period of seizure activity causes neuronal injury and that seizure self-termination 
becomes unlikely after 5 minutes. 

Although cerebral metabolic demand increases, cerebral blood flow and oxygenation 
are thought to be preserved or even elevated. Significantly, neuronal loss after focal or 
generalized status epilepticus is linked to the abnormal neuronal discharges and not simply to 
the systemic effects, with the hippocampus being especially vulnerable to damage. Whilst most 
seizures terminate spontaneously, current treatments include drugs with significant side effects 
such as benzodiazepines, barbituates and anaesthetics. Status remains a serious inadequately 
treated condition, with approximately 50,000-200,000 cases of status epilepticus occuring per 
year in the US alone with an overall mortality rate of about 20%. 

It is further known that cells may die inter alia directly due to the effects of mechanical, 
chemical or biological injury, or may 'self desctruct' by so called programmed cell death or 
process of apoptosis. This is a complex process that has been noted to involve one or more of 
slirintting, development of bubble-like surface bodies, degredation of nuclear chromatin, 
destruction of mitochondria with release of cytochrome c, cellular fragmentation and exposure 
of immuno-reactive phosphatidylserine with resultant attack by macrophages and dendricytes. 
Thus, whereas acute mechanical, chemical or biological injury results in acute cell death, 
apoptosis can take a number of days. If apoptosis could be treated by safe and reliable means, 
many disease states could be managed more successfully. 

Apoptotic death can be triggered by a wide variety of stimuli, and not all cells 
necessarily will die in response to the same stimulus. Human diseases, including cancer, viral 
infections, autoimmune diseases, neurodegenerative disorders, and AIDS (acquired 
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immunodeficiency syndrome) all have apoptotic pathogenesis to some extent. Among the more 
studied death stimuli is DNA damage (by irradiation or drugs used for cancer chemotherapy), 
which in many cells leads to apoptotic death via a pathway dependent on p53. Some hormones 
such as corticosteroids lead to death in particular cells (e.g., thymocytes), although other cell 
types may be stimulated. Some cells types express Fas, a surface protein which initiates an 
intracellular death signal in response to crosslinking. In other cases cells appear to have a 
default death pathway which must be actively blocked by a survival factor in order to allow 
cell survival. 

The present inventors have now determined that ketosis, particularly produced by a 
ketogenic drugs substance after onset of status epilepticus, is capable of protecting the cerebral 
function of a patient by reducing, and even preventing, apoptosis induced by damage from the 
abnormal neuronal discharge. Although some damage will be expected due to necrosis induced 
in the very early stages of the seizure, they have unexpectedly found that significant apoptosis, 
which ketosis is capable of eliminating, occurs in the days following the seizure. 

Thus in a first aspect of the present invention there is provided a method of treating a 
patient suffering from a condition involving apoptosis of tissue comprising administering to 
that subject a therapeutically effective amount of one or more ketogenic compounds such that a 
ketosis is produced sufficient to arrest said apoptosis. 

Preferably the apoptosis is of central nervous system tissue and particularly is that 
associated with acute intractible seizures, particularly with status epilepticus, viral infection eg. 
Viral meningitis, HIV, cancer therapy. Also treatable are steroid induced thymocyte depletion 
and. autoimmune diseases 

The ketosis produced is preferably a state in which levels of one or both of acetoacetate 
and (R)-3-hydroxybutyrate concentrations in the blood of the subject are raised. Preferably the 
total concentration of these Tcetone bodies 1 in the blood is elevated above the normal fed levels 
to between 0.1 and 30mM, more preferably to between 0.3 and 15mM, still more preferably to 
between 0.5 and lOmM and most preferably to between 3 and 8mM. For the purpose of 
maximising levels of such compounds in the CNS it is desirable to saturate the transporter 
through which (R)-3-hydroxybutyrate crosses the blood brain barrier: this occurring at between 
3 and 5mM. 

Preferred compounds are selected from acetoacetate, (R)-3-hydroxybutyrate, salts, 
esters and oligomers of these and conjugates of these with other physiologically accepatable 
moieties, such as carnitine and other amino acids. Other acceptable materials are metabolic 
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precursors of ketones these such as (R)-l 9 3-butandiol, triacetin, free fatty acids and 
triglycerides. 

Particular materials are known from the following references as set out in Table 1 
below incorporated herein by reference. Doses and formats are as described in the documents 
identified in the table^ Typically the amount of ketogenic material required can be determined 
by measuring blood levels directly using a meter such as the Medisense Precision Extra 
(Medisenselnc, 4A Crosby Drive Bedford, MA 01730); BioScanner 2000 (formerly called the 
MTM BioScanner 1000) from Polymer Technology Systems Inc. Indianapolis, Indiana. In this 
manner the amount of ketosis derived from a set dose may be ascertained, and that dose 
iterated to suit the individual. 

Typical dose ranges for example might be in the range 5 to 5000mg/kg body weight, 
particularly for an (R)-3-hydroxybuytrate containing material such as oligomeric (R)-3- 
hydroxybuytrate or its esters with, eg, glycerol or (R)-butan-l,3-diol 3 more preferably 30 to 
2000mg/kg body weight, most preferably 50 to 1 OOOmg/kg body weight per day. 

The conditions which involve cerebral apoptosis, such as acute intractible seizures, 
necessitate that the compound be given, sometimes at least, when the patient is unable to 
volutarily admit materials by mouth. Thus where the route of adminstration is oral, it must be 
via a gastric feeding tube. More conveniently the compound or compounds will be 
administered as a parenteral solution, intravenously, interperitoneally or by some other 
systemic route. 

Where the apoptotic stimulus is to be applied as a treatment in itself; as in oncology, it 
may be appropriate to begin the adminsitration of the ketogenic material prior to the oncologic 
treatment and continue during the period of risk. 

In a second aspect of the present invention there is provided the use of a ketogenic 
material for the manufacture of a medicament for the treatment of apoptosis, particularly but 
not exclusively cerebral apoptosis. 

Again, suitable ketogenic materials are as described for the first aspect of the invention 
and as exemplified in Table 1. 

A third aspect of the present invention provides a pharmaceutical composition for 
treating apoptosis comprising one or more ketogenic materials. The composition preferably 
includes diluent, excipient and/or carrier materials. 

Suitable ketogenic materials are described in the prior art in Table 1, incorporated 
herein by reference. Where these are not soluble in aqueous solutions, they may be provided as 
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emulsions. Dosage forms and dosages may be as above or as described in any of the references, 
all of which are incorporated herein by reference. 

The present invention will now be described by way of the following non-limiting 
Experimental, Examples and Figures. Further embodiments falling into the scope of the claims 
herein will occur to those skilled in the light of these. 

FIGURES 

Figure 1: shows the effect of administration of sodium (R)-3-hydroxybutyrate (KTX0101) on 
kainic acid induced neuronal cell death at 24 hours post challenge 

Figure 2: shows propidium iodide uptake in hippocampal organotypic cultures 24 hours post 
challenge. 

Figure 3: shows the effect of administration of sodium (R)-3-hydroxybutyrate (KTX0101) on 
kainic acid induced neuronal cell death at 7 days. 

Figure 4: shows propidium iodide uptake in hippocampal organotypic cultures at 7 days 
following treatment. 

EXPERIMENTAL 

KTX0101 (as used herein below) is the sodium salt of (R)-3-hydroxybutyrate 
(akaBHB or D-P-hydroxybutyrate). 

A seizure-induced neuronal cell death in vitro experimental model of status epilepticus 
was provided as follows. The neuroprotective potential of (R)-3-hydroxybutyrate sodium salt 
(BHB) (0.3 mM, 1 mM and 3 mM) was assessed by propidium iodide uptake into hippocampal 
organotypic cultures administered 1 |iM KA for 24 h to induce experimental status epilepticus. 
Neuronal cell death is already observed at 24 h subsequent to KA-application therefore, it was 
of no value to administer to the cultures at this time-point. Test compound was, therefore, 
added to the cultures before significant neuronal cell death occurred. Thirty minutes of status 
epilepticus is believed to demarcate the transition point at which seizure-induced neuronal 
injury takes place in patients (Lowenstein DH (1999); hence BHB, as KTX0101, was 
administered 30 mins after addition of KA with neuronal cell death assessed 24 h later. 
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Since there is substantial evidence to indicate that BHB plays a key role in modulating 
seizure activity, this intervention may be therapeutically valuable in preventing further 
epileptogenesis and the associated structural damage that leads to the subsequent development 
of pharmaco-resistant epilepsy. Therefore, the neuroprotective potential of BHB was also 
assessed following incubation over a 7 day period following KA-induced status epilepticus. 

Methodology Animals and environment 

Two time-mated female Wistar rats were obtained from Charles River, UK and housed 
on a 12 h/12 h light/dark cycle (lights on at 0730 h), at an ambient temperature of 21°C and 
55 % humidity. Food and water were available ad libitum. 

All procedures were performed in strict accordance with Home Office Guidelines, 
Home Office Schedule 1 Procedure. 

Hippocampal organotypic cultures 

All culture procedures were carried out in a laminar flow hood using aseptic techniques 
and sterilised equipment and solutions. Throughout the experimental procedure no antibiotics 
were utilised. 

Hippocampal organotypic slice cultures were prepared according to the Gahwiler 
roller-tube method (Gahwiler BH (1981) and Gahwiler et al (1997)) from nine rat pups aged 
between 5 - 7 post-partem. 

Rat pups were killed by cervical dislocation, their brains rapidly removed and placed in 
a Petri dish. The meninges were removed from the caudal section of the cortex and then the 
brain was located with the ventral surface uppermost. Two transverse cuts were made, the 
first, at the level of the cerebellum to remove the brainstem, and the second, at the level of the 
optic chiasm to remove the forebrain. The cerebellum, midbrain and hindbrain were lifted 
upwards from the surrounding cortical tissue leaving one hippocampus embedded within each 
cortical hemisphere. An incision was made down the midline to separate the two cortical 
hemispheres. To separate the hippocampus from the surrounding cortical tissue three incisions 
were made around the hippocampus and then it was rolled out from the underlying tissue. The 
isolated hippocampus was then placed in a drop of ice-cold Gey's balanced salt solution 
containing 0.5 % D-glucose (GBSS+G). The procedure was then repeated to isolate the 
remaining hippocampus. The whole procedure was performed using a Swift dissecting 
microscope and took between 10-15 mins thereby minimizing tissue deterioration. 
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The hippocampi were transferred to a Mcllwain tissue chopper and sectioned into a 
series of 400 thick slices. After sectioning, the hippocampi were placed in ice-cold 
GBSS+G and the slices gently teased apart. The slices were washed once in GBSS+G and the 
integrity of the slices checked under a higher magnification. If the slices had any tears, an 
opaque appearance or the cell hody layers were not easily visible, they were discarded. A 
healthy slice has a yellow-brown colouration without any blackening in the cell body regions. 

To adhere the hippocampal slice to a coverslip (Agar Scientific, UK), 20 ^1 of chicken 
plasma was placed in the middle of the coverslip followed by a hippocampal slice. The plasma 
was spread thinly over the surface of the coverslip, to ensure the slice was well coated. Then, 
30 \xl of thrombin (75 units/ml activity) was placed over the slice and mixed thoroughly with 
the chicken plasma. The plasma-thrombin mixture was left for approximately 60 s until a clot 
of jelly-like consistency had formed. The coverslip was then placed in a test-tube (Nunclon, 
UK) which contained 750 jxl of pre-warmed culture media (37°C). Culture media consisted of 
50 % basal media Earles, 25 % Hank's balanced salt solution, 25 % heat inactivated horse 
serum, 100 mM L-glutamine and 0.5 % D-glucose. The test tubes were sealed with a screw top 
lid and placed in a custom made roller-drum (Medical School Workshop, University of 
Nottingham) at an angle of 5°, rotating at 10 revolutions per hour in a dry incubator at 37°C. 

After 48 h in vitro, 500 |il of media was removed and'the cultures were incubated in 
culture media containing a combination of anti-mitotics, which consisted of 
5-fluorodeoxyuridine, cytosine-P-D-arabino-furanoside (ARA-C) and uridine each at a 
concentration of 1 ^iM. After a further 24 h, 500 jlxI of media was removed and replaced with 
500 ^1 of new culture media containing no anti-mitotics. 
Administration of drugs 

Cultures used to evaluate the neuroprotective potential of BHB were between the ages 
of 8 - 20 days in vitro. Sterile conditions were maintained throughout the experimental period, 
which enabled the determination of neuronal cell death in the same cultures over time which is 
not possible in vivo. The pattern of neuronal cell death was observed in the CA1 region of 
hippocampal organotypic cultures using a confocal microscope at the University of 
Nottingham. 

Five different experimental groups were employed (Table 2) and the pattern of neuronal 
cell death was evaluated at 24 h and 7 d following treatment. The cultures in all groups were 
incubated with propidium iodide at a concentration of 2 fiM. The cultures in the control group 
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were administered fresh medium containing propidium iodide only, 24 h prior to assessment 
with the confocal microscope. KA-treated cultures were incubated with fresh media containing 
1 uM KA plus propidium iodide for 24 h. The cultures in the remaining 3 groups were 
incubated for 30 mins with fresh media containing KA (1 uM) and propidium idodide, prior to 
the addition of KTX0101 at concentrations of 0.3, 1, or 3 mM. Cultures were examined 24 h 
hours later using a confocal microscope. The control and KA-treated cultures were then 
incubated with fresh media to ensure washout of residual propidium iodide and KA. The 
KTXOlOl-treated cultures were incubated with fresh media containing appropriate 
concentrations of KTX0101. After 6 d, propidium iodide was added to all cultures in the five 
experimental groups before examination under the confocal microscope at 7 d post-treatment. 

Assessment of neuronal cell death 

Detection of seizure-induced neuronal cell death was assessed by visualization of 
propidium iodide uptake into dead cells. Propidium iodide is a polar compound that is 
excluded from intact cell membranes and is non-toxic to neurones. It rapidly enters cells 
following damage to the membrane and binds to the nucleic acids in the nuclei and cytoplasm, 
rendering a bright red fluorescence in them when viewed with a confocal microscope. 

Propidium iodide uptake was visualised using a multi-tracking confocal laser-scanning 
microscope (Zeiss, UK) with an Argon 488 and HeMe 543 laser line on an inverted fluorescent 
microscope (Axiovert 100M, Zeiss, UK). Any dead cells in the CA1 region of the 
hippocampus were visualised at a magnification of x20 and a wavelength of 543nm. The 
magnification used was sufficient to capture the whole CA1 region in one view. Optical slices 
were collected sequentially at 2uM intervals in the z-direction. A total of 14 sequential 
sections were scanned and the images were displayed as maximum intensity projections of the 
14 sections combined using the associated image capture software (LSM browser 510 version 
3.2; Zeiss, UK). 

Densitometric measurements of the cellular uptake of propidium iodide (indicated by 
red fluorescence) to quantify neuronal cell death were undertaken on the scanned images using 
Qwin Pro software (version 3.1; Leica, UK) and the percentage area of red fluorescence was 
calculated relative to the total area of the scanned image. 
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Reagents 

Gey's balanced salt solutions, basal media Earles, Hank's balanced salt solution, heat 
inactivated horse serum and 100 mM L-glutamine were purchased from Gibco Life 
Technologies (UK). Chicken plasma was obtained from Cocalico Biologicals (USA). 
Thrombin, 5-fluorodeoxyuridine, cytosine-p-D-arabmo-furanoside, uridine, propidium iodide 
and KA were purchased from Sigma Chemical Company (UK). BHB, which is the sodium salt 
of D-P-hydroxybutyrate was synthesised by Lonza Ltd, Basel (Switzerland; Batch No.4). 
Stock solutions of propidium iodide, kainic acid and KTX0101 were prepared in Hank's 
balanced salt solution. 

Statistical analysis 

The percentage area of red fluorescence was averaged for each experimental group and 
the values expressed as the mean ± S.E.M for n = 12-13 hippocampal organotypic cultures. 

A one-way analysis of variance (ANOVA) followed by Dunnett's multiple comparisons 
test (two-tailed) was used to compare control cultures versus the KA-treated cultures and the 
cultures treated with a combination of KA and BHB. A P value of <0.05 was considered 
statistically significant. 

To test for a neuroprotective effect of BHB at each time-point (24 h and 7 d) following 
KA-induced status epilepticus, a one-way analysis of variance (ANOVA) followed by 
Dunnett's multiple comparisons test (two-tailed) was used to compare the KA-treated cultures 
versus BHB-treated cultures. A P value of <0.05 was considered statistically significant. 

RESULTS 

The effect of BHB administration on kainic acid-i nduced status epilepticus at 24 h 

The effects of BHB addition to protect against KA-induced neuronal cell death in the 
CA1 region of hippocampal organotypic cultures at 24 h are shown in Table 2 and Figure 1 
(n = 12-13). Representative digital images taken from the confocal microscope showing the 
profile of propidium iodide uptake in the CA1 region from each treatment group are shown in 
Figure 2. 

KA (1 uM for 24 h) caused a significant increase in propidium iodide uptake in KA- 
treated cultures (8.89 ± 1.78 %, P<0.05) compared with control cultures (1.68 ± 0.49 %) (Table 
2A, Figure 1 and Figures 2A and 2B). 
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Propidium iodide uptake did not significantly differ between control cultures and 
cultures incubated with a combination of KA (1 uM for 24 b) plus BHB (0.3, 1.0 or 3.0 mM 
for 24 h) (Table 2A, Figure 1 and Figures 2A, 2C, 2D and 2E). 

No significant alteration in propidium iodide uptake was observed between KA-treated 
cultures and cultures co-incubated with KA (1 uM for 24 h) plus BHB (0.3, 1.0 or 3.0 mM for 
24 h) (Table 2B, Figure 1 and Figures 2B, 2C, 2D and 2E). 

The effect of BHB administration on kainic acid-i nduced status enilepticus at 7 days 

The effects of BHB addition for 7 days to prevent KA-induced neuronal cell death are 
shown in Table 3 and Figure 3 (n = 12-13). Representative digital images, taken on me 
confocal microscope showing the profile of propidium iodide uptake in the CA1 region of 
hippocampal organotypic cultures from each treatment group are shown in Figure 4. 

Compared to control cultures (1.81 ± 0.99 %), a significant increase in propidium 
iodide uptake was observed in cultures treated with KA alone (1 uM for 24 h), 7 d previously 
(6.97 ± 2.03 %, P<0.001) (Table 3A, Figure 3 and Figures 4A and 4B). 

Propidium iodide uptake did not significantly differ between control cultures and 
cultures incubated with a combination of KA (1 uM for 24 h, 7 d previously) plus KTX0101 
(0.3, 1 .0 or 3.0 mM for 7 d) (Table 3 A, Figure 3 and Figures 4A, 4C, 4D and 4E). 

Incubation with BHB (0.3, 1.0 and 3.0 mM) for 7d following KA-induced status 
epilepticus (1 uM KA for 24 h) caused a significant decrease in propidium iodide uptake 
compared to KA-treated cultures alone (6.97 ±2.03%, PO.001) (Table 3B, Figure 3 and 
Figures 4B, 4C, 4D and 4E). Propidium iodide uptake in the BHB-treated cultures decreased 
to levels not significantly different from those observed in control cultures (1.81 ±0.99 %). 
BHB (0.3, 1 and 3mM) reduced propidium iodide uptake to 1.54 ±0.33% (PO.001), 
1.05 ± 0.29 % (P<0.001) and 1.25 ± 0.21 % (PO.001) respectively. 

Discussion 

The experimental example above illustrates how administration of sodium salt of (R)- 
3-hydroxybutyrate during an episode of status epilepticus to inhibit neuronal cell death could 
be of therapeutic benefit to prevent the development of intractable epilepsy. 

In an attempt to elucidate the neuroprotective potential of BHB, the inventors have 
examined the effects of 24 h and 7 day adniinistration to prevent KA-induced neuronal cell 
death by measuring the cellular uptake of propidium iodide in the CA1 region of hippocampal 
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organotypic cultures. Three concentrations of BHB (0.3, 1, and 3 mM) were investigated to 
elucidate the optimum therapeutic concentration for controlling status epilepticus. This range 
of concentrations was chosen based on reported BHB levels in patients, where seizure control 
was observed when blood BHB levels were less than 6 mM 1 . 

The rate of neuronal cell death in control cultures was similar over the 24 h and 7 day 
experimental period (1.68 and 1.81 % after 24 h and 7d, respectively) illustrating that the 
cultures remained viable throughout the study period and that any changes observed were 
attributed either to a neuroprotective or neurotoxic effect of the administered drugs. 

Under the present experimental conditions, KA-induced status epilepticus (1 \xM for 
24 h) caused neuronal cell death in the CA1 region of hippocampal organotypic cultures. A 
significant elevation in the percentage of dead neuronal cells (8.89 %) was observed 24 h 
following application of KA, which decreased by only 1.92 % 7 d later, when KA was no 
longer present in the medium. These data are in accordance with in vivo studies, where a 
relatively small percentage of cell loss was observed in the CA1 pyramidal cell layer following 
KA-induced status epilepticus (Esclapez M et al (1999) and Fujikawa DG et al (2000)). 

There were concentration-dependent decreases in KA-induced neuronal cell death 
(8.89 %) following 24 hours incubation of BHB at concentrations of 0.3 (6.48 %), 1 (4.89 %) 
ani 3 mM (4.72 %); however, none of these effects were statistically significantly different 
from the KA-treated cultures. 

An anti-apoptotic effect of BHB was apparent in cultures incubated with BHB for 
7 days following KA-induced status epilepticus. The percentage of dead cells observed was 
similar to control values (1.81 %) and independent of the concentration evaluated (1.54, 1.05 
and 1.25% at 0.3, 1 and 3mM, respectively). In KA-treated cultures after 7 days, the 
percentage of cell death was 6.97 %. 

A difference in the effect of BHB at 24 hours and 7 days following experimental status 
epilepticus could be attributed to the prevention of neuronal cell death by two distinct cellular 
mechanisms, necrosis and apoptosis. Both apoptotic- and necrotic-mediated cell death have 
been extensively reported following KA application in vitro and in vivo (see references 13-21) 
and are a rapidly occurring form of cell death, that can be detected over the first few days 
following KA exposure. Injection of KA (i.p.) to rats, which induced status epilepticus for a 
minimum of 60 mins, caused DNA fragmentation in the hippocampus. This hallmark of 
apoptosis was detectable as early as 8 hours following KA administration and reached a 
maximum expression 48 h later (Cheung N et al (1998)),. Necrosis is detected earlier than 
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apoptosis, acidophilic neurones, which are a characteristic feature of necrosis have been 
detected 40 mins following status epilepticus (Fujikawa DG (2000). 

Necrosis is characterised by a concomitant disruption of ionic homeostatic processes, 
rapid energy depletion and a loss of membrane integrity. Due to the ultimate breakdown of the 
plasma membrane, the cellular contents are released into the extracellular fluid resulting in an 
intense inflammatory response from which cell debris can persist for months (Arends MJ and 
Wyllie AH (1991)). In contrast to necrosis, membrane integrity is not lost in apoptosis, and 
thus, no inflammatory response is elicited. Apoptotic cells are rapidly removed in vivo over the 
subsequent few days through phagocytosis. However, in vitro phagocytosis appears to be less 
efficient at removing apoptotic bodies (Leist et al (1995)), and so a loss of membrane integrity 
is observed in the latter stages of apoptosis, enabling propidium iodide, which is a membrane 
impermeable nuclear dye to label apoptotic cells before the cells are removed by phagocytosis. 
In this study, the cell death observed at 24 hours and 7 days can be attributed to a combination 
of apoptosis and necrosis. Thus, the neuroprotective action of BHB is likely to result from a 
reduction of apoptosis and necrosis following KA-induced status epilepticus. 

In the present study, the effects of BHB to prevent seizure-induced neuronal cell death 
following status epilepticus was examined only over a relatively short period of time. 
However, there are more, far-reaching consequences with respect to the longer-term 
neuroprotective effect of BHB to implicate this compound in the prevention of epileptogenesis. 
In a study undertaken by Muller-Schwartz and co-workers (1999), adult rats were either fed the 
ketogenic diet or standard rat chow two days following KA-induced status epilepticus. All rats 
fed the ketogenic diet were ketotic throughout the duration of dietary treatment as elucidated 
by BHB levels. After 8 wks of treatment, a reduction in spontaneous seizure activity and 
mossy fibre sprouting in the dentate gyrus was observed in the ketogenic diet fed rats. In 
addition, significantly fewer CA1 population spikes were evoked by Schaffer collateral 
stimulation in the slices from the rats on the ketogenic diet, suggesting that the KA-induced 
hyperexcitability is ameliorated by the ketogenic diet. It is well documented that abberant 
mossy fibre sprouting occurs as a consequence of neuronal cell death, to reinnervate the 
deafferented dentate gyrus (references 10, 11, 25-27). The functional significance of the 
lesion-induced sprouting is that it leads to the formation of recurrent excitatory networks which 
contribute to the hyperexcitability and the eventual development of chronic recurrent seizures 
which become medically intractable to anticonvulsant treatment. 
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In hippocampal organotypic cultures, a similar situation was also observed, but in the 
CA1 region. KA-induced status epilepticus caused neuronal cell death that led to 
lesion-induced neuronal sprouting, which was accompanied by the development of 
epileptiform activity 28 . By preventing neuronal cell death following administration of BHB at 
an early stage following status epilepticus the subsequent development of epileptogenesis_ 
could be prevented. 
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TABLE 1 



Material 


Type 


Reference 


Sodium (R)-3- 


Salt 


US 4579955 


- hydroxy-butyrate 




TTC AHT\ C\HA 


(R)-l,3-butandiol 


Metabolic 
precursor 


Gueldry al (1994) Metabolic Brain Disease 
Vol9No2 


Acetoacetylbutandiol 


Metabolic 


US 49979/0 




precursor 


TTC ^\0(^XT\ 


Dimer and triraer BHB 


Metabolic 


JP 5009185 




precursor 




Acetoacetyltri-3HB 


Metabolic 
precursor 


US 6207856 


Midchain 


Metabolic 


WO 01/82928 


tricglyceride 


precursor 




Triolide 


Metabolic 


WO 00/15216 




precursor 


WO 00/04895 


BHB-triglyceride 


Metabolic 


US 5420335 




precursor 


US 6306828 


BHB multimers 


Metabolic 


WO 00/14985 




precursor 





All documents Incoroorat Bri herein bv reference 
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TABLE 2: Experimental procedure for the ass essment of neuronal cell death 



Treatment 


BHB 

(mM) 


KA 


Propidium 
iodide 


Addition of 
BHB after KA 


Assessment 
of neuronal 


Number 
of 




tor 24 n 


(pM) 


auixiiiusrxaLion 


UCil LLC a ill 


evaluated 


Control 






2 




24 h, 1 wk 


12 


KAonly 




1 


2 




24 h, 1 wk 


12 


KTX0101 
+ KA 


0.3 


1 


2 


30 mins, 24 h 


24 h, 1 wk 


12 


KTX0101 
+ KA 


1 


1 


2 


30 mins, 24 h 


24 h, 1 wk 


13 


KTX0101 
+ KA 


3 


1 


2 


30 mins, 24 h 


24 h, 1wk 


13 










Total no cultures: 


62 
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TABLE 3: The effects of incubation of KTX0101 on kainlc acid-induced status epilepticus at 24 h 



A) Comparison against control cultures 



Treatment 


n 


Mean 


SEM 


95% 

confidence interval 


P 


Control 


12 


1.68 


0.49 






KA1 pM 


12 


8.89 


1.78 


-13.05, -1.37 


* 


KTX0101 0.3mM + KA1 uM 


12 


6.48 


2.50 


-10.65,1.04 


ns 


KTX0101 1.0mM + KA1 pM 


13 


4.89 


1.45 


-8.94, 2.51 


ns 


KTX0101 3.0mM + KA1 gM 


13 


4.72 


1.26 


-8.77. 2.68 


ns 



Each data point represents the mean ± S.E.M for the percentage propidlum iodide uptake. 

Significant differences from the control cultures are denoted by *p<0.05 (one-way analysis of vanance followed 

by Dunnetes multiple comparisons tests (two-tailed)). 

Ns = not significant 



B) Comparison against KA-treated cultures 



Treatment 


n 


Mean 


SEM 


95% 

confidence interval 


P 


KA1uM 


12 


8.69 


1.78 






KTX0101 0.3mM + KA1 uM 


12 


6.48 


2.50 


-3.44, 8.25 


ns 


KTX0101 1.0mM + KA1 uM 


13 


4.89 


1.45 


-1.73, 9.73 


ns 


KTX0101 3.0 mM + KA 1 uM 


13 


4.72 


1.26 


-1.56,9.90 


ns 



Each data point represents the mean ± S.E.M for the percentage propidium iodide uptake. 

Statistical comparisons between KA-treated and KTX01 01 -treated cultures were by one-way analysis of 

variance followed by Dunnetf s multiple comparisons test (two-tailed). 

Ns = not significant 
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TABLE 4: ThA pffects of incubation of KT XQ1Q1 on kalnic acid-induced stqtus epilepticus 

at7d 



A) 



Comparison against control cultures 



Treatment 


n 


Mean 


SEM 


95% 

confidence interval 


P _ 


Control 


12 


1.81 


0.99 






KA 1 pM 


12 


6.97 


2.03 


-8.78,-1.54 


*** 


KTX0101 0.3mM + KA1 pM 


12 


1.54 


0.33 


-3.35, 3.90 


ns 


KTX0101 1.0mM + KA1 pM 


13 


1.05 


0.29 


-2.27, 4.32 


ns 


KTX0101 3.0mM + KA1 uM 


13 


1.25 


0.21 


-2.98. 4.13 


ns 



tacn udia puiru iepie»ciu» uic moan j- w.4_.i»> r w.~ , 

Significant differences from the control cultures are denoted by 
followed by Dunnett's multiple comparisons tests (two-tailed)). 
Ns = not significant 



*p<0.001 (one-way analysis of variance 



B) Comparison against KA-treated cultures 



Treatment 


n 


Mean 


SEM 


95% 

confidence interval 


P 


KA 1 uM' 


12 


6.97 


- 2.03 






KTX0101 0.3mM + KA1 uM 


12 


1.54 


0.33 


.1.81,9.06 


*** 


KTX0101 1.0mM + KA1 pM 


13 


1.05 


0.29 


2.37, 9.48 


*** 


KTX0101 3.0 mM + KA 1 uM 


13 


1.25 


0.21 


2.18. 9.29 


*** 



Each data point represents the mean ± S.E.M for the percentage propidium iodide uptake. _ 
Significant differences from the KA-treated cultures are denoted by *"p<0.001 (one-way analysis of variance 
followed by Dunnetfs multiple comparisons tests (two-tailed)). 
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CLAIMS 

1. A method of treating a patient suffering from apoptosis of tissue comprising 
administering to that subject a therapeutically effective amount of one or more ketogenic 
compounds such that a physiological ketosis is produced sufficient to arrest said apoptosis. 

2. A method as claimed in Claim 1 wherein the apoptosis is of cerebral tissue. 

3. A method as claiemd in Claim 1 wherein the apoptosis is that associated with acute 
intractible seizures, particularly with status epilepticus. 

4. A method as claimed in Claim 1 wherein the apoptosis associated with adminsitration 
of toxic stuimuli for treatment of cancer. 

5. A method as claimed in Claim 1 wherein the apoptosis is produced by viral infections, 
autoimmune diseases or Aquired Immuno Difficiency Syndrome. 

6. A method as claimed in any one of Claims 1 to 5 wherein the ketosis produced is a state 
in which levels of one or both of acetoacetate and (R)-3-hydroxybutyrate concentrations in the 
blood of the subject such that their total concentration in the blood is elevated above the 
normal fed levels to between 0.1 and 30mM. 

7. A method as claimed in Claim 6 wherein the level is raised to to between 0.3 and 
15mM, still more preferably to between 0.5 and lOmM and most preferably to between 3 and 
8mM. 

8. A method as claimed in any one of Claims 1 to 5 wherein the ketogenic compounds are 
selected from acetoacetate, (R)-3-hydroxybutyrate, salts, esters and oligomers of these and 
conjugates of these with other physiologically acceptable moieties, such as carnitine and other 
amino acids or metabolic precursors of ketones such as (R)-l, 3-butandiol, triacetin, free fatty 
acids and triglycerides. 
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9. A method as claimed in any one of Claims 1 to 8 wherein the dose is in the range 5 to 
5000mg/kg body weight. 

10. A method as claimed in any one of Claims 1, 2 or 3 wherein the apoptosis is caused by 
a condition involving acute intractible seizures. 

11. Use of a ketogenic material for the manufacture of a medicament for the treatment of 
apoptosis. 

12. Use as claimed in Claim 10 characterised in that the medicament is for cerebral 
apoptosis. 

13. Use as claimed in a Claim 11 or 12 characterised in that the ketogenic material is as 
described in any one of Claims 6 to 8. 

14. A pharmaceutical composition for treating apoptosis comprising one or more ketogenic 
materials. 

15. A composition as claimed in Claim 14 comprising one or more of the materials 
described in any one of Claims 6 to 8. 
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